METHODS
Fifty patients undergoing hysterectomy (class 1 or 2 of the American Society of Anesthesiology) admitted to the Shabihkhany Hospital of Kashan University of Medical Sciences (Kashan, Iran) in 2010 were enrolled in the present clinical trial. Patients with a history of use of alcohol, drugs, anticonvulsants, antidepressants, benzodiazepines or antihistamines, as well as patients with liver or kidney failure, were excluded. After approval by the ethics committee of the university, written informed consent was obtained from all subjects. Using a random number table, the patients were allocated to one of two study groups receiving either 1200 mg gabapentin or placebo 2 h before surgery. The surgeon and the staff assessing pain and complications postoperatively had no knowledge of the drug assignment.
After entering the operating room, patients received 10 mL/kg of Ringer's solution. Heart rate, blood pressure and arterial oxygen saturation were monitored. Anesthesia was induced by thiopental (6 mg/kg), and atracurium (0.5 mg/kg) was used to facilitate intubation. Patients were ventilated with 100% oxygen and intubated with a suitably sized cuffed tube. Anesthesia was maintained using a mixture of oxygen (50%), nitrous oxide (50%) and isoflurane. Atracurium (0.2 mg/kg/h) and fentanyl (2 µg/kg/h) were used for intraoperative relaxation and analgesia. Surgery was performed while patients were supine. After surgery, the muscle relaxants were reversed using neostigmine (40 µg/kg) and atropine (20 µg/kg). After extubation and ensuring adequate ventilation, patients were transferred to the recovery care unit for 2 h and then to the ward. All patients received 100 mg suppository diclofenac every 6 h. Postoperative pain was measured using a visual analogue scale. Patients with a pain score >4 were treated with 5 mg intramuscular morphine. The amount of morphine consumed and pain level at 2 h, 6 h, 12 h and 24 h after surgery were recorded. Postoperative complications, including vomiting and dizziness, were also recorded. This information, original articlE ©2013 Pulsus Group Inc. All rights reserved OBBjECTivES: The present study assessed the effects of 1200 mg gabapentin, an anticonvulsant drug that acts through voltage-dependent calcium channels, for the control of postoperative pain in patients undergoing abdominal hysterectomy. METHODS: Fifty patients undergoing hysterectomy were enrolled in the present study. Subjects received either 1200 mg gabapentin or placebo 2 h before surgery. The amount of morphine consumption and level of postoperative pain at 2 h, 6 h, 12 h and 24 h after surgery were measured. RESULTS: There were no significant differences in age, duration of surgery and anesthesia, or body mass index between the two groups. The mean intensity of pain in the gabapentin group was significantly lower than in the placebo group. The mean amount of morphine used in the placebo group (5.2±2.8 mg) was significantly higher than in gabapentin group (1.2±0.29 mg; P=0.001). Nausea and vomiting in the placebo group was more common than in the gabapentin group (P=0.001). The time interval for initial ambulation after surgery was significantly shorter in the gabapentin group (12.24±2.18 h) compared with the placebo group (15±3.61 h; P=0.002). CONCLUSiON: 1200 mg gabapentin reduced postoperative pain and the need for opioids, and enabled earlier ambulation of the patient. Significant side effects were not observed. A sample size of 25 patients in each group was calculated to detect a significant difference of 15% in morphine consumption (as derived from pilot data), with a power of 85% and a significance level of 5%. Statistical tests, such as Student's t test, the Mann-Whitney U test and the χ² test, were used to assess significant differences between the two groups.
RESULTS
The two groups showed no significant difference in age, duration of surgery and anesthesia, or body mass index ( Table 1) .
The mean pain intensity at 2 h, 6 h, 12 h and 24 h in the gabapentin group was significantly lower than in the placebo group ( Table 2) .
The mean (± SD) amount of morphine used in the placebo group (5.2±2.8 mg) was significantly more than in the gabapentin group (1.2±0.29 mg; P=0.001). There was a significant increase in morphine use in the placebo group (Figure1; P=0.001).
In addition, nausea and vomiting were significantly more common in the placebo group compared with the gabapentin group (Table 3) .
Finally, the results showed that patients in the gabapentin group recovered earlier, indicated by the time until first ambulation (12.24±2.18 h versus 15±3.61 h in the placebo group; P=0.002).
DiSCUSSiON
The present study showed that 1200 mg gabapentin administered 2 h before surgery reduced pain and opioid consumption and helped the patients to recover more quickly (regain motion) after surgery. Pain after surgery is due to both surgical stimulation and neurogenic factors such as visceral tissue edema. Current pain treatment methods include several analgesic drugs with different mechanisms of treatment (12) . Gabapentin is primarily used as an anticonvulsant drug, but recent studies have demonstrated that it also has antihyperalgesic effects (13) . Animal studies have demonstrated that presurgical treatment with gabapentin may prevent hyperalgesia and allodynia more effectively than when administered after surgery (14) . It is likely that gabapentin mediates this effect through postsynaptic binding to the α2 and µ1 subunits of the voltage-dependent calcium channels of the dorsal horn neurons in the spinal cord, decreasing calcium entry into the nerve endings and inhibiting the release of neurotransmitters (15) .
However, conflicting results exist regarding the effects of gabapentin on pain and narcotic consumption. Turan et al (1) evaluated the effect of 1200 mg gabapentin on pain and tramadol consumption after hysterectomy and found that both parameters were reduced in the gabapentin group. In a study by Durmus et al (8), the effects of 1200 mg gabapentin and gabapentin with acetaminophen were compared with a placebo in hysterectomy patients. Pain intensity and morphine requirement decreased in both groups compared with the placebo group, but differences between the gabapentin group and the gabapentin with acetaminophen group were observed only shortly after surgery. Other studies on mastectomy (16) and thyroidectomy (14) revealed similar results.
In contrast to the studies showing a positive effect of gabapentin on pain and opioid consumption, some studies have reported no or low effects. This may be due to confounding factors in experimental design. Dierking et al (17) found no difference in pain after hysterectomy between patients treated with 3000 mg gabapentin and placebo, although they showed that gabapentin decreased morphine consumption by 32%. These results are likely due to either differences in the time of morphine administration, or the fact that each patient in the test group was administered 25 mg/h of morphine regardless of reported pain level. The placebo group had a mean morphine consumption of 63 mg. In our study, morphine was only administered when the patient's pain score rose above 4. Similarly, in a study by Radhakrishnan et al (2) , pain level and opioid consumption were examined after lumbar laminectomy and discectomy in patients receiving either 800 mg gabapentin or a placebo. No difference was observed between groups in terms of pain score or narcotic consumption. However, the investigators used a relatively low dose of gabapentin compared with other studies, which may have been insufficient to prevent sensitization to painful stimuli. Local anesthetic infiltration at the surgical site may also be an important factor. Neural sensitization and hyperalgesia induced by surgical stimulation are blocked using a local anesthetic, which blunts the antihyperalgesic effects of gabapentin.
In a study examining patients undergoing laparoscopic tubal ligation surgery, no significant difference was observed between gabapentin and placebo groups in terms of pain or morphine consumption (18) . This lack of effect may have been due to either the administration of 80 mg of lornoxicam, which may have confounded the results, or the time frame in which the gabapentin effect was expected to have occurred. Previous research has shown that gabapentin requires 1 h to 2 h to take Data presented as mean ± SD unless otherwise indicated effect; however, the patients examined by Bartholdy et al (18) received gabapentin only 30 min before surgery. Because the duration of surgery was also quite short (30 min), there may have been insufficient time for the drug to take effect. Similarly, in a study by Adam et al (19) , administering 800 mg of gabapentin to patients undergoing arthroscopic shoulder surgery had no effect on pain or opioid consumption after surgery. However, patients received gabapentin as well as bupivacaine, a drug used for interscalene block (localized nerve blocking), and surgery was performed under general anesthesia. Thus, the use of multiple methods of pain control may have confounded the study results; indeed, synergistic effects between specific drugs have been shown in humans and animals (20) . In addition, gabapentin is known to have an anxiolytic effect (21, 22) . This can reduce preoperative anxiety and result in reduced postoperative pain (23) . Based on these studies, we hypothesize that the effectiveness of gabapentin in postoperative pain management are determined by the following specific factors: 1. Drug dosage according to type of surgery: In various studies, the dose of gabapentin has ranged between 300 mg and 3000 mg. The optimal dose may vary according to the type of surgery, the severity of inflammation and tissue damage and the type of pain generated (ie, somatic versus visceral). During surgical discectomy, for example, the optimal dose that reduces pain and opioid usage was reported to be 600 mg before surgery (24) . On the other hand, increasing the dose to 1200 mg can lead to complications (2) . According to various studies, a dose of 1200 mg before surgery, regardless of the type of action, is acceptable. Further studies are required to determine the optimal dose of gabapentin in specific surgeries. 2. Timing of administration: Gabapentin crosses the blood-brain barrier and has a therapeutic effect after 2 h to 3 h of administration (25) . Consequently, it should be administered 1 h to 2 h before anesthesia and may not produce the desired result if administered later. Postoperative nausea and vomiting are common complications of surgery. Gabapentin affects postoperative nausea and vomiting through two mechanisms. The central antiemetic effects are due to reduced consumption of opioids (26) . In a study conducted by Al-Mujadi et al (14) , only 21% of patients in the gabapentin group required treatment for vomiting after thyroidectomy surgery, compared with 31% of patients in the placebo group. Similarly, in a study by Durmus et al (8) , the incidence of nausea and vomiting was lower in the gabapentin group. The results of the present study are consistent with these studies in that nausea and vomiting were less common in the gabapentin group compared with the placebo group.
